Peripheral vascular effects of angiotensin II and norepinephrine in the dog, cat, and monkey / by Emerson, Thomas Edward,
This dissertation has been 64—10,097 
m icrofilm ed exactly as received
EMERSON, Jr ., Thomas Edward, 1935- 
PERIPHERAL VASCULAR EFFECTS OF ANGIO­
TENSIN n  AND NOREPINEPHRINE IN THE DOG, 
CAT, AND MONKEY.
The University of Oklalioma, Ph.D., 1964 
Physiology
University Microfilms, Inc., Ann Arbor, Michigan
THE UNIVERSITY OF OKLAHOMA 
GRADUATE COLLEGE
PERIPHERAL VASCULAR EFFECTS OF ANGIOTENSIN I I  AND NOREPINEPHRINE 
IN THE DOG, CAT, AND MONKEY
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
i n  p a r t i a l  f u l f i l l m e n t  o f  the  r e q u i r e m e n t s  f o r  the
de g re e  of  
DOCTOR OF PHILOSOPHY
BY
THOMAS EDWARD EMERSON, JR. 
Oklahoma C i t y ,  Oklahoma 
1964
PERIPHERAL VASCULAR EFFECTS OF ANGIOTENSIN I I  AND NOREPINEPHRINE 
IN THE DOG, CAT, AND MONKEY
APPROVED BY
I  :_____________
DISSERTATION COMMITTEE
ACKNOWLEDGMENT
The m a t e r i a l  i n  t h i s  d i s s e r t a t i o n  i s  l a r g e l y  t h e  r e s u l t  o f  a j o i n t  
e f f o r t .  The g u i d a n c e  o f  the  f o l l o w i n g  p e o p le  i s  g r a t e f u l l y  acknowledged 
and a p p r e c i a t i o n  e x t e n d e d  to :  D r .  L e r n e r  B. Hinshaw,  whose d i r e c t i o n ,
c o l l a b o r a t i o n  and e ncou ragem en t  were  i n v a l u a b l e ;  D r .  F r a n c i s  J .  Haddy, 
f o r  h i s  a d v i c e  and  c o n s u l t a t i o n  th ro u g h o u t  t h e  c o u r s e  o f  t h e  i n v e s t i g a ­
t i o n ;  and  Dr.  C h a r l e s  M. B ra ke ,  who c o l l a b o r a t e d  i n  t h e  p r o j e c t .  A p p r e c i ­
a t i o n  i s  e x p r e s s e d  f o r  t h e  co m p e ten t  g u id a n c e  o f  t h e  a u t h o r ' s  commit tee .
The a u t h o r  i s  i n d e b t e d  t o  t h e  C i v i l  A e r o m e d i c a l  R e se a rc h  I n s t i t u t e ,  
Oklahoma C i t y ,  Oklahoma, f o r  p r o v i s i o n  o f  e x c e l l e n t  r e s e a r c h  f a c i l i t i e s  
and s u p p o r t  o f  t h e  p r o j e c t .
I l l
TABLE OF CONTENTS
Page
LIST OF TABLES......................................   v
LIST OF FIGURES..............................................................................................................................v i
C h a p t e r
I .  HISTORY AND INTRODUCTION.
I I .  METHODS ......................................
I I I .  RESULTS .......................................
IV.  DISCUSSION..................................
V. SUMMARY AND CONCLUSIONS , 
BIBLIOGRAPHY................................................
1
6
17
41
45
47
I V
LIST OF TABLES
T a b le  Page
I .  Mean D a ta  +  S t a n d a r d  E r r o r s  From Dog, C a t ,  And Monkey 
A n g i o t e n s i n  And N o r e p i n e p h r i n e  Limb I n j e c t i o n  E x p e r i ­
m e n t s .  Compari son o f  Limb A r t e r i e s  And Small  V e i n s  And 
Limb W eig h t  Loss  Are Shown.................................................................................... 19
A. Dog Limb D a t a .  E q u i w e i g h t  And E q u im o la r  Compari sons .  . . .  19
B. C a t  Limb D a t a .  E q u i w e i g h t  And E q u im o la r  Compari sons .  . . .  19
C. Monkey Limb D a t a .  E q u iw e ig h t  Compari sons  .......................................  19
I I .  Mean D a ta  +  S t a n d a r d  E r r o r s  From H ea r t -L u n g  Dog Limb 
E x p e r im e n t s  I n  Which The R e s p o n s iv e n e s s  Of D i f f e r e n t  
S i z e d  Fore  l imb V e in s  To A n g i o t e n s i n  And N o r e p i n e p h r i n e  
Was C o m p a r e d ..................................................................................................................29
I I I .  Mean And I n d i v i d u a l  D a ta  From I n t a c t ,  N a t u r a l  Flow
Dog Limb E x p e r im e n t s  I n  Which A n g i o t e n s i n  And N o r e p i ­
n e p h r i n e  Were I n j e c t e d  D i r e c t l y  I n t o  A D i g i t a l  V e i n .
E q u i w e i g h t  Drug Com par i sons  Are Shown ..................................................... 38
V
LIST OF FIGURES
F ig u re  Page
I .  Diagram Showing E x p e r i m e n t a l  Se t-Up Of H e a r t  Lung Dog
F o r e  l imb P r e p a r a t i o n ...................................................................................................... 8
2. Diagram Showing Dog-Pump I s o l a t e d  F o r e l i m b  E x p e r i m e n t a l
S e t - U p ......................................................................................................................................11
3. Diagram Of A Dog F o re l im b  D e t a i l i n g  The R e l a t i v e  P o s i ­
t i o n s  o f  T h r e e  Venous C a t h e t e r s  Used To Compare The Re­
s p o n s i v e n e s s  Of D i f f e r e n t  S i z e d  Limb V eins  To A n g i o t e n s i n  
And N o r e p i n e p h r i n e .  An E x p e r i m e n t a l  Record  O b t a in e d  From
One Limb I s  Shown B e l o w .......................................................................................... 13
4 .  Record From An I s o l a t e d  Dog Limb E x p e r im e n t  Showing The
Limb V a s c u l a r  And W e igh t  E f f e c t s  Of I n t r a b r a c h i a l  A r t e r y  
I n j e c t e d  A n g i o t e n s i n  And N o r e p i n e p h r i n e  . ...........................................  22
5.  Record  From An I s o l a t e d  Ca t  Limb E xp e r im en t  Showing The Limb
V a s c u l a r  And Weight  E f f e c t s  Of I n t r a b r a c h i a l  A r t e r y  I n j e c t e d  
A n g i o t e n s i n  And N o r e p i n e p h r i n e ............................................................................24
6 . Record  From An I s o l a t e d  Monkey Limb E xp e r im en t  Showing The
Limb V a s c u l a r  And W eigh t  E f f e c t s  o f  I n t r a b r a c h i a l  A r t e r y  
I n j e c t e d  A n g i o t e n s i n  And N o r e p i n e p h r i n e  ................................................  27
7. Graph Of Mean D a ta  +  S t a n d a r d  E r r o r s  From I s o l a t e d  Dog- 
Pump-Limb E x p e r im e n t s  I n  Which A n g i o t e n s i n  And N o r e p in e p h ­
r i n e  Were I n f u s e d  S e p a r a t e l y  I n t o  The Limb I n f l o w  T u b in g .
Limb V a s c u l a r  And W eigh t  Responses  Are Shown.......................................... 31
8 . Record  Showing E f f e c t  o f  A n g i o t e n s i n  I n f u s i o n  On Dog F o r e ­
l imb A r t e r y  And Small  V e i n  P r e s s u r e s  And Limb W e i g h t ....................... 34
9. Record  Showing The E f f e c t  of  N o r e p i n e p h r i n e  I n f u s i o n  On 
Dog F o r e l i m b  A r t e r y  And Sm all  Vein P r e s s u r e s  And Limb
W e i g h t ..................................................................................................................................... 36
10. Record  From One I n t a c t ,  N a t u r a l  Flow Dog Limb E xp e r im en t
Where A n g i o t e n s i n  And N o r e p i n e p h r i n e  Were I n j e c t e d  D i r e c t l y  
I n t o  A D i g i t a l  V e i n .  The E f f e c t  Of E q u i w e i g h t  Drug I n ­
j e c t i o n  On Small  Ve in  P r e s s u r e  I s  S h o w n ....................................................40
V I
PERIPHERAL VASCULAR EFFECTS OF ANGIOTENSIN I I  AND NOREPINEPHRINE 
IN THE D O G , C A T ,  AND MONKEY
CHAPTER I  
HISTORY AND INTRODUCTION
I n  1898 T i g e r s t e d t  and Bergman f i r s t  d e m o n s t r a t e d  a p r e s s o r  s u b ­
s t a n c e  i n  k i d n e y  s a l i n e  e x t r a c t s  which  e l e v a t e d  r a b b i t ' s  a r t e r i a l  b l o o d  
p r e s s u r e  when i n j e c t e d  i n t r a v e n o u s l y  ( 3 9 ) .  The unknown p r e s s o r  s u b s t a n c e  
was named r e n i n .  I t  was l a t e r  shown by Braun-Menendez and c o l l e a g u e s  (5) 
and Page and  Helmer  i n  1940 (32)  t h a t  r e n i n  p o s s e s s e d  no v a s o p r e s s o r  
a c t i v i t y  i t s e l f ,  b u t  a c t e d  a s  an  enzyme t o  r e l e a s e  o r  a c t i v a t e  an i n ­
a c t i v e  p lasm a  p r e c u r s o r  t o  a p o l y p e p t i d e  which  had p o t e n t  v a s o p r e s s o r  
p r o p e r t i e s .  T h i s  p r e s s o r  s u b s t a n c e  was c a l l e d  ' h y p e r t e n s i n '  by B ra un -  
Menendez and ' a n g i o t o n i n '  by Page .  I t  was d e m o n s t r a t e d  i n  1954 by Skeggs 
and c o -w o rk e r s  (36)  t h a t  r e l e a s e  o f  t h e  a c t i v e  p r e s s o r  s u b s t a n c e  a c t u a l l y  
i n v o l v e d  two s t e p s  in  t h e  p lasm a .  A d e c a p e p t i d e ,  which i s  b e l i e v e d  to  
come from a p lasma a l p h a - g l o b u l i n ,  i . .  f i r s t  r e l e a s e d  by r e n i n  and s u b s e ­
q u e n t l y  s p l i t  by a plasma ' c o n v e r t i n g - e n z y m e '  to  t h e  a c t i v e  o c t a p e p t i d e .  
The pu re  o c t a p e p t i d e  was s y n t h e s i z e d  i n d e p e n d e n t l y  and s i m u l t a n e o u s l y  i n  
1957 by R i t t e l  and c o l l e a g u e s  (34) and Bumpus, Schwartz  and Page ( 7 ) .  To 
a v o i d  t h e  c o n f u s i o n  of  ha v in g  two names f o r  t h e  same s u b s t a n c e ,  B r a u n -  
Menendez and  Page i n  1958 m u t u a l l y  s u g g e s t e d  the  te rm ' a n g i o t e n s i n '  t o
1
2to  r e p l a c e  h y p e r t e n s i n  and a n g i o t o n i n  ( 6) .  The p lasma p r e c u r s o r  i s  now 
known a s  a n g i o t e n s i n o g e n  w h i l e  t h e  i n a c t i v e  d e c a p e p t i d e  and a c t i v e  o c t a ­
p e p t i d e  a r e  c a l l e d  a n g i o t e n s i n  I  and a n g i o t e n s i n  I I ,  r e s p e c t i v e l y .  Renin 
i s  t h o u g h t  t o  be p ro d u ce d  and s t o r e d  i n  t h e  j u x t a g l o m e r u l a r  c e l l s  o f  t h e  
k id n e y  ( 4 0 ) .
A p r e s s o r  s u b s t a n c e  from t h e  a d r e n a l  g l a n d  was f i r s t  n o t e d  i n  1895 
by O l i v e r  and S c h a f e r  ( 3 0 ) .  One o f  t h e  s u b s t a n c e s  r e s p o n s i b l e  f o r  t h i s  
p r o p e r t y ,  e p i n e p h r i n e ,  was i d e n t i f i e d  and s y n t h e t i z e d  i n  1901 by Takamine 
( 3 8 ) .  I n  t h e i r  c l a s s i c a l  s t u d y  o f  1910,  B a r g e r  and Dale  (3)  d e l i n e a t e d  
the  b a s i c  r e l a t i o n s h i p  b e tw e en  c h e m i c a l  s t r u c t u r e  and a d r e n e r g i c  a c t i v i t y .  
However, i t  was n o t  u n t i l  1945,  a l m o s t  50 y e a r s  a f t e r  O l i v e r  and S c h a f e r ' s  
o r i g i n a l  o b s e r v a t i o n ,  t h a t  n o r e p i n e p h r i n e  was i d e n t i f i e d  i n  a d r e n a l  e x ­
t r a c t s  and i m p l i c a t e d  as  a second  a d r e n a l  p r e s s o r  hormone by von E u l e r  
( 1 3 ) .  N o r e p i n e p h r i n e  i s  a n a t u r a l l y  o c c u r r i n g  s u b s t a n c e ,  a c a t h e c h o l a m i n e , 
produced  a t  s y m p a t h e t i c  n e r v e  e n d i n g s  and i n  t h e  m e d u l l a  o f  t h e  a d r e n a l  
g l an d  (14 ,  1 5 ) .  N o r e p i n e p h r i n e  ha s  p o t e n t  v a s o a c t i v e  p r o p e r t i e s ,  c o n ­
s t r i c t i n g  p e r i p h e r a l  a r t e r i e s  and v e i n s  a s  w e l l  a s  e x h i b i t i n g  o t h e r  hemo­
dynamic e f f e c t s  ( 11) .
A n g i o t e n s i n  I I  i s  one o f  t h e  most  p o t e n t  v a s o c o n s t r i c t o r s  known, 
e l e v a t i n g  s y s t e m i c  a r t e r i a l  b l o o d  p r e s s u r e  5 - 1 0  t im es  h i g h e r  t h a n  e p i ­
n e p h r i n e  o r  n o r e p i n e p h r i n e  on a w e i g h t  b a s i s  ( 2 , 16 ) .  A l th o u g h  co n ­
s i d e r a b l e  r e s e a r c h  has  b e e n  co m p le te d  c o n c e r n i n g  a n g i o t e n s i n ' s  a c t i o n  on 
s y s t e m ic  a r t e r i a l  b lood  p r e s s u r e  (1 ,  2,  16, 28 ,  31) and r e g i o n a l  b l o o d  
f low ( 1 ) ,  l i t t l e  has  b e e n  done r e g a r d i n g  i t s  d i r e c t  e f f e c t  on v e i n s .  Un­
l i k e  t h e  c a t e c h o l a m i n e s ,  which have  b e e n  shown by s e v e r a l  i n v e s t i g a t o r s  
t o  c o n s t r i c t  v e i n s  a s  w e l l  a s  a r t e r i e s  (19 ,  20 ,  23, 2 4 ) ,  a v a i l a b l e
3e v id e n c e  c o n c e r n in g  a n g i o t e n s i n ' s  d i r e c t  e f f e c t  on v e i n s  i s  u n c l e a r .  
E x p e r i m e n t a l  work w i t h  a n im a ls  i n d i c a t e s  t h a t  a n g i o t e n s i n  i s  n o t  a veno-  
c o n s t r i c t o r .  I n  1961,  Folkow, J o h a n s s o n  and M e l l a n d e r  (17)  s t u d i e d  th e  
a c t i o n  o f  a n g i o t e n s i n  on t h e  ' r e s i s t a n c e '  and ' c a p a c i t a n c e '  v e s s e l s  i n  a 
s k i n - m u s c l e  r e g i o n  o f  the c a t .  The h i n d q u a r t e r s  were i s o l a t e d  from t h e  
body e x c e p t  f o r  an a o r t i c  c o n n e c t i o n .  A r t e r i a l  b l o o d  p r e s s u r e  and h i n d -  
q u a r t e r  f low were measured d i r e c t l y  and volume changes  were  i n d i c a t e d  
p l e t h y s m o g r a p h i c a l l y . The a u t h o r s  conc luded  t h a t  a l t h o u g h  a n g i o t e n s i n  
was a p o t e n t  a r t e r i a l  c o n s t r i c t o r ,  i t  d id  n o t  c o n s t r i c t  v e i n s .  They 
f u r t h e r  e l a b o r a t e d  t h a t  w h i l e  n o r e p i n e p h r i n e  ' r e c e p t o r s '  were l o c a t e d  in  
b o t h  p r e -  and p o s t c a p i l l a r y  v e s s e l s ,  a n g i o t e n s i n  ' r e c e p t o r s '  were m a i n l y ,  
i f  n o t  t o t a l l y ,  c o n f i n e d  t o  p r e c a p i l l a r y  v a s c u l a r  s e g m e n t s .
Haddy and co -w orke rs  i n  1961 (22)  used  a n a t u r a l  f low  dog limb 
p r e p a r a t i o n  to  i n v e s t i g a t e  the  l o c a l  e f f e c t  o f  v a s o a c t i v e  a g e n t s  on p r e -  
and p o s t c a p i l l a r y  l imb v e s s e l s .  Blood p r e s s u r e s  were  m ea su red  d i r e c t l y  
from l imb l a r g e  a r t e r y  and v e i n  and s m a l l  a r t e r y  and s m a l l  v e i n ^ t o - s e g ­
ment  t h e  v a s c u l a r  be d .  No e v i d e n c e  f o r  venous c o n s t r i c t i o n  was o b t a i n e d  
when a n g i o t e n s i n  was i n f u s e d  in  v a r i o u s  c o n c e n t r a t i o n s  i n t o  t h e  b r a c h i a l  
a r t e r y .  The a c t i o n  o f  a n g i o t e n s i n  on l imb v e s s e l s  was i n v e s t i g a t e d  f u r ­
t h e r  i n  1962 by Haddy and a s s o c i a t e s  u s i n g  dog f o r e l i m b s  ( 2 1 ) .  Blood 
f low  r a t e  was m a i n t a i n e d  c o n s t a n t  w i t h  a pump i n  t h e s e  s t u d i e s  and p r e s ­
s u r e  m ea su red  from f o u r  p o i n t s  a l o n g  t h e  v a s c u l a r  bed a s  p r e v i o u s l y  d e ­
s c r i b e d .  The a u t h o r s  were a g a i n  u n a b le  t o  d e m o n s t r a t e  s m a l l  v e i n  co n ­
s t r i c t i o n  w i t h  i n t r a - b r a c h i a l  a r t e r y  i n f u s i o n  o f  a n g i o t e n s i n .
I n  1962, Rose and co -w o rk e r s  (35)  s t u d i e d  th e  e f f e c t  o f  a n g i o t e n s i n  
I I  and n o r e p i n e p h r i n e  on s y s t e m i c  v e i n s  and s y s t e m i c  v a s c u l a r  c a p a c i t y
4u s i n g  i s o l a t e d  f em ora l  a r t e r y  and v e in  segments  and a venous r e t u r n  m on i ­
t o r i n g  d e v i c e ,  r e s p e c t i v e l y .  I n  t h e s e  dog e x p e r i m e n t s ,  a n g i o t e n s i n  d i d  
n o t  c o n s t r i c t  t h e  f em ora l  v e i n  segment  when a p p l i e d  t o p i c a l l y  n o r  d i d  i n ­
j e c t i o n s  o f  a n g i o t e n s i n  i n c r e a s e  t h e  venous  r e t u r n ,  i n d i c a t i n g  t h e  a b s e n c e  
o f  s y s t e m i c  ' c a p a c i t a n c e '  venous  c o n s t r i c t i o n .  N o r e p in e p h r in e  was e f f e c ­
t i v e  i n  b o t h  r e g a r d s .
The p e r t i n e n t  work c o n c e r n i n g  a n g i o t e n s i n ' s  e f f e c t  o n  human p e r i p h ­
e r a l  v e i n s  has  been  l e s s  u n i f o r m  t h a n  th e  a n im a l  r e s u l t s .  I n  1961 Wood 
(41)  s t u d i e d  t h e  a c t i o n  o f  a n g i o t e n s i n  I I  i n f u s i o n  on p e r i p h e r a l  a r t e r i e s  
and v e i n s  i n  man. A r t e r i a l  p r e s s u r e  was m easu red  by the a u s c u l a t o r y  
method and c a l f  o r  f o re a rm  venous  p r e s s u r e  t a k e n  d i r e c t l y  w i th  a s a l i n e  
manom eter .  B lood  f low and venous d i s t e n s i b i l i t y  were i n d i c a t e d  p l e t h y s ­
m o g r a p h i c a l l y .  Venous a c t i v i t y  was i n f e r r e d  from th e s e  p a r a m e t e r s .  A 
d e c r e a s e  i n  venous  c om pl ia nc e  was i n d i c a t e d  d u r i n g  a n g i o t e n s i n  i n f u s i o n  
i n  e i g h t  n o r m o t e n s i v e  p a t i e n t s .  The a u t h o r s  i n t e r p r e t e d  th e s e  changes  
a s  venous  c o n s t r i c t i o n .
T h i s  phenomenon was r e i n v e s t i g a t e d  i n  1963 by DePasqua le  and  Burch 
( 1 0 ) ,  u t i l i z i n g  f o re a rm  v e i n s  i n  man. To a v o id  p o s s i b l e  i n d i r e c t  e f f e c t s  
and p r e s s u r e  c hanges  due t o  b lo o d  f low a l t e r a t i o n s ,  an i n t a c t  s egment  o f  
a l a r g e  f o r e a r m  v e i n  was i s o l a t e d  v iv o  and th e  i n t r a l u m i n a l  p r e s s u r e  
m easu red  d i r e c t l y .  I n  e i g h t e e n  human s u b j e c t s  no venous c o n s t r i c t i o n  was 
e v i d e n t  when a n g i o t e n s i n  I I  was i n j e c t e d  i n t o  t h e  i s o l a t e d  s e g m e n t s ,  w h e r e ­
a s  n o r e p i n e p h r i n e  evoked i n t e n s e  v e n o c o n s t r i c t i o n .  However, a s l i g h t  r i s e  
i n  t h e  i s o l a t e d  venous segment  p r e s s u r e  was o b s e r v e d  when a n g i o t e n s i n  was 
i n f u s e d  i n t r a v e n o u s l y  i n  f i v e  s u b j e c t s .  S u b s e q u e n t  t e s t  proved  t h i s  e f ­
f e c t  to  be r e f l e x  i n  n a t u r e ,  as  i t  d i d  no t  o c c u r  when the segment was
5d e n e r v a t e d .  The a u t h o r s  conc luded  t h a t  a n g i o t e n s i n  I I  h a s  no d i r e c t  e f ­
f e c t  upon f o re a rm  v e i n s  i n  man.
L a te  i n  1963 D aughe r ty  and Haddy ( 8) comple ted  a s e r i e s  o f  e x p e r i ­
ments  i n  human s u b j e c t s  i n  which em phas i s  was p l a c e d  on t h e  e f f e c t  of  
a n g i o t e n s i n  on sm a l l  v e i n s .  Small  a r t e r y  and s m a l l  v e i n  p r e s s u r e  were 
measured  d i r e c t l y  t h ro u g h  i n d w e l l i n g  n e e d l e s ;  arm f low was u n o b s t r u c t e d  
and  n a t u r a l .  W ith  e q u i w e i g h t  i n f u s i o n  i n  each  s u b j e c t ,  a n g i o t e n s i n  I I  
caused  an i n c r e a s e  i n  hand sm a l l  v e i n  p r e s s u r e  e q u a l  t o  t h a t  p roduced  
by n o r e p i n e p h r i n e .
T h i s  r ev i e w  of  the  p e r t i n e n t  l i t e r a t u r e  s u g g e s t s  t h e  r e s p o n s e  o f  
v e i n s  t o  a n g i o t e n s i n  may v a r y  be tween  s p e c i e s  a s  w e l l  a s  be tween  d i f ­
f e r e n t  v e i n s  i n  t h e  same s p e c i e s .  These  a p p a r e n t  d i f f e r e n c e s  and the  
p a u c i t y  of  i n f o r m a t i o n  i n  g e n e r a l  c o n c e r n i n g  a n g i o t e n s i n ' s  e f f e c t  on 
p e r i p h e r a l  v e i n s  gave im pe tus  to  t h i s  s t u d y .  A d d i t i o n a l l y ,  the  im por ­
t a n c e  o f  venous p r e s s u r e  i n  i n f l u e n c i n g  c a p i l l a r y  h y d r o s t a t i c  p r e s s u r e ,  
t r a n s c a p i l l a r y  f l u i d  movement,  venous r e t u r n  to  the  h e a r t  and th e  p o s ­
s i b l e  t h e r a p e u t i c  use  o f  a n g i o t e n s i n  i n  v a r i o u s  h y p o t e n s i v e  s t a t e s  
e m phas izes  the  im p o r ta n c e  o f  the  p r e s e n t  i n v e s t i g a t i o n .
A n g i o t e n s i n  was compared w i t h  n o r e p i n e p h r i n e  i n  r e g a r d  to  b o th  peak 
p r e s s u r e  e l e v a t i o n  and a r e a  r e s p o n s e  o f  l imb b r a c h i a l  a r t e r y  and sm a l l  
v e i n  p r e s s u r e s  and l imb w e i g h t  c h a n g e s .  S in c e  a n g i o t e n s i n  has  a m o le c u ­
l a r  w e i g h t  a p p r o x i m a t e l y  6 t im es  g r e a t e r  t h a n  n o r e p i n e p h r i n e ,  b o t h  e q u i ­
w e i g h t  and e q u im o la r  com par isons  were made.
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Mongre l  d o g s ,  c a t s  and  s o o t y  mangebey monkeys ( Cerocebus  t o r q u a t u s ) 
were  i n t r a v e n o u s l y  o r  i n t r a p e r i t o n e a l l y  a n e s t h e t i z e d  w i t h  sodium p e n t o ­
b a r b i t a l  (30 mg/kgm) . H e p a r in  was u s e d  as a n t i c o a g u l a n t .  A l l  p r e s s u r e s  
w ere  m easured  w i t h  S t a th a m  p r e s s u r e  t r a n s d u c e r s  and r e c o r d e d  on a Sanborn 
d i r e c t - w r i t i n g  r e c o r d e r .  F o r t y - o n e  e x p e r i m e n t s  were c om ple te d  in  t h i r t y -  
two an im a l  p r e p a r a t i o n s  a s  d e s c r i b e d  below.
An i s o l a t e d  f o r e l i m b  was p e r f u s e d  a t  c o n s t a n t  f low by a Sigmamotor  , 
pump w i t h  o x y g e n a te d  whole  b l o o d  from an i s o l a t e d  S t a r l i n g  h e a r t - l u n g  s y s ­
tem i n  9 p r e p a r a t i o n s .  The h e a r t - l u n g  sys tem ,  e x c l u d i n g  t h e  l imb c i r c u i t ,  
i s  a m o d i f i c a t i o n  o f  S t a r l i n g ' s  o r i g i n a l  p r e p a r a t i o n  (25 ,  26). and h a s  been 
p r e v i o u s l y  d e t a i l e d  ( 4 2 ) .  F i g u r e  1 i s  a d iag ra m  of  the  p e r f u s i o n  c i r c u i t .  
The sys tem  was pr imed w i t h  a b o u t  one l i t e r  o f  whole b lo o d  from a n o t h e r  
a n i m a l .  A f t e r  e s t a b l i s h i n g  the  h e a r t - l u n g  s y s te m ,  b lo o d  was l e d  from a 
p o i n t  d i s t a l  t o  t h e  h e a r t  o u t f l o w  r e s i s t o r  t h ro u g h  a Sigmamotor  pump to  
t h e  i s o l a t e d  l e g  o f  a d o n o r  dog.  B lood  d r a i n e d  from the  c u t  b r a c h i a l  
and  c e p h a l i c  v e i n s  by g r a v i t y  i n t o  a venous r e s e r v o i r  and was r e t u r n e d  
by a second pump to  the  e l e v a t e d  h e a r t - r e s e r v o i r . The h e a r t - r e s e r v o i r  
s u p p l i e d  b lood  a t  an  a l m o s t  c o n s t a n t  p r e s s u r e  t o  t h e  h e a r t .  B l e e d i n g
F i g u r e  1. Diagram showing e x p e r i m e n t a l  s e t - u p  o f  h e a r t - l u n g  dog 
f o r e  l imb p r e p a r a t i o n .  Pump f low i s  c o n s t a n t .  S. G. (w e igh ing  d è v i c e )  
= s t r a i n  gauge t r a n s d u c e r .  S. G. ( p r e s s u r e  measurement)  = s t r a i n  
gauge  p r e s s u r e  t r a n s d u c e r .  C a r d i a c  i n f l o w  i s  c o n t r o l l e d  w i t h  a s c re w -  
c lamp.  Arrows  i n d i c a t e  t h e  d i r e c t i o n  the  b lood  i s  pumped. A. l e g  
w e i g h t  = c o n t i n u o u s  r e c o r d i n g  o f  fo re l im b-  w e i g h t ;  SVP = l imb s m a l l  
v e i n  p r e s s u r e ;  BAP = l imb b r a c h i a l  a r t e r y  p r e s s u r e .
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9was p r e v e n t e d  from c u t  s u r f a c e s  o f  t h e  leg by l i g a t i o n  and the bone s tump 
was s e a l e d  w i t h  bone wax. An a n i m a l - p u m p - i s o l a t e d  l imb p r e p a r a t i o n  was 
u s e d  i n  the  o t h e r  e x p e r i m e n t s .  F i g u r e  2 shows the  p r e p a r a t i o n  d i a g r a -  
m a t i c a l l y  u s i n g  a dog a s  an  example:  A pump was i n t e r p o s e d  be tw een  t h e
fem ora l  and b r a c h i a l  a r t e r i e s  o r  t h e  a n i m a l ' s  c o m p l e t e l y  s e v e r e d  l im b  i n  
6 dogs ,  8 c a t s  and 4 monkeys.  B l e e d i n g  from c u t  s u r f a c e s  and t h e  bone 
s tumps was p r e v e n t e d  as  i n d i c a t e d  above .  The l imb was p e r f u s e d  a t  c o n ­
s t a n t  -flow c o m p a t ib l e  w i t h  the  i s o g r a v i m e t r i c  s t a t e ,  i . e . ,  l eg  w e i g h t  con­
s t a n t  ( 3 3 ) .  B lood  from t h e  c u t  b r a c h i a l  and c e p h a l i c  v e i n s  f lo w ed  by  
g r a v i t y  i n t o  a r e s e r v o i r  and was r e t u r n e d  t o  a  c a n n u l a t e d  f e m o ra l  v e i n  by 
a  pump. The s m a l l  e x t r a c o r p o r e a l  sys tem  was pr imed w i t h  a p p r o x i m a t e l y  
100 cc of  D e x t r a n .  I n  a l l  s t u d i e s  a small  paw o r  hand v e i n  was c a n n u l a t e d  
w i t h  sm a l l  bo re  p o l y e t h y l e n e  t u b i n g  (0 .61  -  0 .97  mm CD), and i t s  t i p  ad ­
vanced  r e t r o g r a d e l y  i n t o  a d i g i t a l  v e i n  (19 ) .  P r e s s u r e  measured  by t h i s  
t e c h n i q u e  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t r u e  l a t e r a l  v e i n  p r e s s u r e  
(22)  be c ause  o f  abu n d a n t  venous  ana s tom oses  i n  t h i s  a r e a  ( 9 ,  2 9 ) .  The 
f o l l o w i n g  c r i t e r i a  f o r  t h e  r e l i a b i l i t y  of  t h i s  method were met  i n  e a c h  
e x p e r i m e n t :  a )  venous b l o o d  c o u l d  be f r e e l y  wi thd rawn  and r e p l a c e d  w i t h
l i t t l e  r e s i s t a n c e ;  b) a r a p i d ,  im m edia te  r e t u r n  o f  the  r e c o r d i n g  s t y l u s  
t o  b a s e l i n e  f o l l o w i n g  a p o s i t i v e  p r e s s u r e  s m a l l  v e i n  c a t h e t e r  f l u s h ;  and 
c)  r a p i d l y  i n j e c t i n g  s a l i n e  t h r o u g h  the  smal l  v e i n  c a t h e t e r  r e s u l t e d  in  
an  immediate  i n c r e a s e  i n  l imb o u t f l o w .  In o r d e r  to compare t h e  e f f e c t  o f  
d r u g s  on d i f f e r e n t  s i z e d  f o r e l i m b  v e i n s ,  two c a t h e t e r s  were u t i l i z e d  in  
a d d i t i o n  t o  t h e  d i g i t a l  v e i n  c a t h e t e r  i n  4 h e a r t - l u n g  l e g  s t u d i e s  as  i l ­
l u s t r a t e d  i n  t h e  u p p e r  p o r t i o n  o f  F i g u r e  3: a )  one i n  a  s u p e r f i c i a l
d o r s a l  m e t a c a r p a l  v e i n  a t  a b o u t  mid-paw l e v e l ,  and b) a n o t h e r  i n  t h e
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F i g u r e  2. Diagram showing d o g - p u m p - i s o l a t e d  f o r e l i m b  e x p e r i ­
m e n t a l  s e t - u p .  Limb f low  i s  c o n s t a n t .  S.  G. ( w e ig h i n g  d e v i c e )  = 
s t r a i n  gauge t r a n s d u c e r ;  S.  G. ( p r e s s u r e  m easu rem en t )  = s t r a i n  gauge 
p r e s s u r e  t r a n s d u c e r ;  A  l e g  w e i g h t  = c o n t i n u o u s  r e c o r d i n g  o f  limb 
w e i g h t ;  SVP = f o r e l i m b  s m a l l  v e i n  p r e s s u r e ;  BAP = l imb b r a c h i a l  a r ­
t e r y  p r e s s u r e ;  SABP = a n i m a l ' s  s y s t e m i c  a r t e r i a l  b l o o d  p r e s s u r e .  
Arrows  i n d i c a t e  t h e  d i r e c t i o n  th e  b l o o d  i s  b e i n g  pumped. Blood is  
drawn from a f e m o r a l  a r t e r y  and r e t u r n e d  to  a f e m o r a l  v e i n .  Fore l imb 
b l o o d  i n f l o w  i s  m a i n t a i n e d  c o n s t a n t  .wi th a  pump.
S.G.
p S . G .
■
A  LEG WT.S.G.
.S.V.P.
B.A.P.
S. A.B.P.
POLY VISO R E C O R D E R
12
F i g u r e  3 .  Upper  p o r t i o n  shows drawing o f  dog f o r e l i m b  d e t a i l i n g  
t h e  r e l a t i v e  p o s i t i o n  of  t h r e e  venous  c a t h e t e r s  u se d  to  compare the  
r e s p o n s e  o f  d i f f e r e n t  s i z e d  v e i n s  t o  a n g i o t e n s i n  and n o r e p i n e p h r i n e .  
E q u i w e i g h t  and e q u i m o l a r  c o m p a r i s o n s ;  0 .5  pgm a n g i o t e n s i n  e q u im o la r  
t o  0 .077  pgm n o r e p i n e p h r i n e .  P r e s s u r e s  were o b t a i n e d  a l t e r n a t e l y  from 
a p r e s s u r e  t r a n s d u c e r  t h ro u g h  a m u l t i p l e  s to p c o c k  a r r a n g e m e n t .  Bot tom 
h a l f  shows r e c o r d  o b t a i n e d  from l imb diagrammed be low.  Numbers 1, 2 , 
and  3 i n d i c a t e  p o r t i o n  o f  t h e  s m a l l  v e i n  p r e s s u r e  t r a c i n g  c o r r e s p o n d ­
i n g  t o  c a t h e t e r s  SV^, SV2 , and SV3 above .  C o n s t a n t  l imb f low = 4 c c /  
m in /1 0 0  gms l im b ;  l imb w e i g h t  = 364 gms.
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c e p h a l i c  v e i n ,  i t s  t i p  p o i n t i n g  c e n t r a l l y  and r e s t i n g  a t  a b o u t  w r i s t  
l e v e l .  A l t h o u g h  t h e  c a t h e t e r  p o i n t i n g  c e n t r a l l y  would a d m i t t e d l y  r e g i s ­
t e r  a lower p r e s s u r e  t h a n  i f  p o i n t i n g  i n  the r e v e r s e  d i r e c t i o n ,  i t  s h o u ld  
n e v e r t h e l e s s  be v a l i d  t o  compare changes  o f  p r e s s u r e  i n  t h i s  r e g i o n  p r o ­
duced by t h e  d r u g s .  A l l  t h r e e  c a t h e t e r s  were c o n n e c t e d  to  a s i n g l e  p r e s ­
s u r e  t r a n s d u c e r ,  p r e s s u r e  b e in g  r e c o r d e d  a l t e r n a t e l y  from d i f f e r e n t  
s t o p c o c k s .  B r a c h i a l  a r t e r y  ( p e r f u s i o n )  p r e s s u r e ,  o b t a i n e d  from a n e e d l e  
i n  t h e  i n f l o w  t u b i n g  d i s t a l  t o  t h e  pump, small  v e i n  p r e s s u r e  and t h e  
a n i m a l ' s  a o r t i c  b lood  p r e s s u r e  ( e x c e p t  i n  the h e a r t - l u n g  s t u d i e s )  were  r e ­
c o rd e d  c o n t i n u o u s l y .  Leg w e i g h t  was r e g i s t e r e d  c o n t i n u o u s l y  w i t h  a s t r a i n  
gauge w e ig h in g  d e v i c e  which  measured  w e i g h t  c hanges  a c c u r a t e l y  t o  0 . 1  gm 
( 3 7 ) .  Limb v a s c u l a r  r e s p o n s i v e n e s s  was t e s t e d  comparing a n g i o t e n s i n  I I  
( H y p e r t e n s i n ,  C i b a ;  0 .25  - 1 . 0  pgm) and n o r e p i n e p h r i n e  (Levophed,  W i n t r o p ;  
0 .0 39  - 1 .0  pgm o f  f r e e  b a s e )  on an e q u iw e ig h t  and e q u i m o l a r  b a s i s  i n  t h e  
dog and c a t  and on an e q u i w e i g h t  b a s i s  i n  the monkey. The d rug  dose  used 
f o r  any  p a r t i c u l a r  l imb depended  on l imb w e igh t  and b lo o d  f low  r a t e ,  and 
was s e l e c t e d  to  g i v e  an  e a s i l y  measured  r e s p o n s e .  The amount o f  a n g i o ­
t e n s i n  and n o r e p i n e p h r i n e  t e s t e d  f o r  any  given l imb was a lw a ys  t h e  same 
and l imb f low was  a lw a ys  c o n s t a n t  and e q u a l  f o r  each  c o m p a r i s o n .  The 
o r d e r  o f  drug a d m i n i s t r a t i o n  was random ized.  The m o l e c u l a r  w e i g h t  o f  
n o r e p i n e p h r i n e  i s  169 compared t o  a p p r o x i m a t e ly  1091 f o r  a n g i o t e n s i n  I I ,  
t h e r e b y  making 0 . 0 3 9  pgm n o r e p i n e p h r i n e  t h e  mole e q u i v a l e n t  o f  0 .25  pgm 
a n g i o t e n s i n .  C o n c e n t r a t i o n s  were  such t h a t  o n ly  0 .0 39  - 0 . 1  cc o f  
s o l u t i o n  was i n j e c t e d  p e r  t e s t .  S a l i n e  blank i n j e c t i o n s  were  a l s o  g i v e n .  
Drugs  were i n j e c t e d  r a p i d l y  i n t o  t h e  b r a c h i a l  a r t e r y  i n f l o w  t u b i n g  j u s t  
p r o x im a l  t o  t h e  pump. W ith  f low  c o n s t a n t ,  changes i n  b r a c h i a l  a r t e r y  and
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s m a l l  v e i n  p r e s s u r e  d i r e c t l y  r e f l e c t  v a s c u l a r  r e s i s t a n c e  changes  i n  l i k e  
d i r e c t i o n .  I n  t h i s  p r e p a r a t i o n ,  e s s e n t i a l l y  a l l  r e s i s t a n c e  changes s hou ld  
be due t o  a c t i v e  v e s s e l  r a d i u s  a l t e r a t i o n .  Thus ,  an i n c r e a s e  i n  p r e s s u r e  
above b a s e l i n e  i n d i c a t e s  v a s o c o n s t r i c t i o n  and v i c e  v e r s a .  A l though  most  
o f  a change i n  b r a c h i a l  a r t e r y  p r e s s u r e  i s  p r o b a b l y  due t o  s m a l l  a r t e r y  
and e s p e c i a l l y  a r t e r i o l a r  r a d i u s  change,  p o s t c a p i l l a r y  v a s c u l a r  r e s i s t a n c e  
a l s o  can i n f l u e n c e  th e  p r e s s u r e  measured i n  t h e  b r a c h i a l  a r t e r y .  P r e s s u r e  
measured in  t h e  d i g i t a l  v e i n  i s  due a lm o s t  e n t i r e l y  t o  r e s i s t a n c e  down­
s t r e a m  from t h e  m e a s u r in g  p o i n t ;  r e s i s t a n c e  u p s t r e a m  t o  t h e  c a t h e t e r  t i p  
has  l i t t l e  e f f e c t  on t h e  r e c o r d e d  p r e s s u r e . ^  An imm edia te  r a p i d  l o s s  o f  
l eg  w e i g h t  s h o u ld  be due m a i n ly  to  a c t i v e  v a s c u l a r  c o n s t r i c t i o n ,  w h i l e  a 
s e c o n d a r y ,  more g r a d u a l  d e c r e a s e  p r o b a b ly  r e s u l t s  f rom a n e t  l o s s  o f  i n t e r ­
s t i t i a l  f l u i d  due t o  a l t e r e d  c a p i l l a r y  h y d r o s t a t i c  p r e s s u r e .  Changes i n  
c a p i l l a r y  p r e s s u r e  a r e  l a r g e l y  p a s s i v e ,  r e s u l t i n g  f rom a c t i v e  changes i n  
p o s t c a p i l l a r y  v a s c u l a r  p r e s s u r e  and r e s i s t a n c e .
F iv e  dogs were  i n f u s e d  s e p a r a t e l y  w i t h  a n g i o t e n s i n  and n o r e p i n e p h r i n e  
f o r  20-25 m i n u t e s  i n t r a - a r t e r i a l l y .  I n f u s i o n  r a t e s  were 0 .1  pgm/min ( 0 . 2  cc 
s o l u t i o n / m i n )  i n  f o u r  and 0 .5  pgm/min ( 0 .5  cc  s o l u t i o n / m i n )  i n  one e x p e r i ­
men t .  S a l i n e  b l a n k  i n f u s i o n s  were comple ted  i n  each  l imb.  The e f f e c t  of  
t h e s e  d rugs  on b r a c h i a l  a r t e r y  and sm a l l  ( d i g i t a l )  v e i n  p r e s s u r e s  and l eg  
w e i g h t  was compared on an e q u iw e ig h t  i n f u s i o n  b a s i s .  I n f u s i o n  r a t e s  were 
such t h a t  t h e  d o g ' s  a o r t i c  b lo o d  p r e s s u r e  was n o t  a p p r e c i a b l y  a l t e r e d .
^An e x p e r i m e n t  was c a r r i e d  o u t  t o  d e m o n s t r a t e  t h i s  phenomenon: Wate r  was
pumped a t  c o n s t a n t  f low  th r o u g h  r i g i d  t u b i n g  and two screwclamps p l a c e d  
on th e  t u b i n g  d i s t a l  t o  t h e  pump. P r e s s u r e  was m ea s u red  on bo th  s i d e s  
o f  t h e  u p s t r e a m  c lamp.  Large  p r e s s u r e  changes  p r o x im a l  t o  t h e  ups t ream  
clamp,  p roduced  by a d j u s t i n g  the  up s t r e a m  s c re w c la m p ,  had no e f f e c t  on 
p r e s s u r e  d i s t a l  t o  t h a t  c lamp.  Whereas any change  i n  t h e  downstream 
clamp r e s u l t e d  i n  i d e n t i c a l  p r e s s u r e  changes  p r o x im a l  t o  b o th  the down­
s t r e a m  and u p s t r e a m  c la m ps .
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I n  a group o f  f i v e  d o g s ,  w e ig h in g  from 14 - 20 kgm, a n g i o t e n s i n  and 
n o r e p i n e p h r i n e  were  i n j e c t e d  d i r e c t l y  i n t o  a s m a l l  paw v e i n  and s m a l l  v e i n  
p r e s s u r e  was r e c o r d e d  i n  i n t a c t ,  i n n e r v a t e d ,  n a t u r a l  f low dog l imbs as  
f o l l o w s :  A p p r o x im a te ly  one c e n t i m e t e r  of  a m e t a c a r p a l  v e i n  was exposed
t h r o u g h  a sm a l l  s k i n  i n c i s i o n .  I n  f o u r  a n im a ls  two s m a l l  b o r e  p o l y e t h y ­
l e n e  c a t h e t e r s  ( 0 .6 1  mm OD) were i n s e r t e d  s i d e  by s i d e  i n t o  a m e t a c a r p a l  
v e i n  and advanced  r e t r o g r a d e l y  i n t o  a d i g i t a l  v e i n .  I n  one an im a l  t h e  
two c a t h e t e r s  w ere  p l a c e d  i n  a d j a c e n t  v e s s e l s .  Drugs were i n j e c t e d  
th r o u g h  one c a t h e t e r  and p r e s s u r e  r e c o r d e d  c o n t i n u o u s l y  t h ro u g h  t h e  o t h e r .  
E q u i w e i g h t  com pa r i sons  o f  a n g i o t e n s i n  and n o r e p i n e p h r i n e  ( 0 . 5  - 1 . 0  pgm) 
were  comple ted i n  each  l im b .  S a l i n e  b l a n k  i n j e c t i o n s  were g iv e n  i n  each  
c a s e .  I n  t h i s  p r e p a r a t i o n  o n ly  s m a l l  v e i n  p r e s s u r e  was m easu red .  Limb 
f low  r a t e  was unknown and n o t  n e c e s s a r i l y  c o n s t a n t  and s m a l l  a r t e r y  p r e s ­
s u r e  was no t  m easu red .  Even  though  th e  drugs  were i n j e c t e d  d i r e c t l y  i n t o  
a d i g i t a l  v e i n  i t  i s  n o t  p o s s i b l e  t o  c a l c u l a t e  o r  make any d e f i n i t e  s t a t e ­
ment  a b o u t  s m a l l  v e i n  r e s i s t a n c e  c h a n g e s .  I t  i s  p o s s i b l e ,  however ,  t h a t  
an immedia te  i n c r e a s e  i n  s m a l l  v e i n  p r e s s u r e  i s  due t o  a c t i v e  venocon­
s t r i c t i o n .
Drug r e s p o n s e s  were e v a l u a t e d  a s  bo th  peak i n c r e a s e  i n  b lood  p r e s s u r e  
above  b a s e l i n e  and  a s  a c o m p o s i t e  o f  h e i g h t  and d u r a t i o n  o f  r e s p o n s e  
( change  i n  a r e a  u n d e r  t h e  p r e s s u r e  c u rv e )  above c o n t r o l .  P e r  c e n t  change 
i n  p r e s s u r e  was c a l c u l a t e d  a s  change i n  p r e s s u r e  above b a s e l i n e .  F o r  any 
p a r t i c u l a r  com par i son  t e s t ,  t h e  p e r  c e n t  d i f f e r e n c e s  of  r e s p o n s e  be tw een  
the  d ru g s  was u s e d .
CHAPTER I I I
RESULTS
T a b l e  I  shows mean d a t a  of  l e g  a r t e r y  and s m a l l  v e i n  p r e s s u r e  r e ­
s p o n s e s  and  l e g  w e i g h t  changes  from 15 dog ,  8 c a t  and 4 monkey f o r e l i m b  
p e r f u s i o n  s t u d i e s .  Dog f o r e  limb d a t a  i s  g i v e n  i n  T a b l e  1-A.  On an e q u i ­
w e i g h t  b a s i s  n o r e p i n e p h r i n e  i n c r e a s e d  b r a c h i a l  a r t e r y  p r e s s u r e  (BAP) 31% 
more (25 mm Hg) t h a n  a n g i o t e n s i n  w h i l e  t h e  a r e a  r e s p o n s e  ( co m p o s i t e  o f  
h e i g h t  and d u r a t i o n  o f  r e s p o n s e  above b a s e l i n e )  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  N o r e p i n e p h r i n e  i n c r e a s e d  sm a l l  v e i n  p r e s s u r e  (SVP) 87% more 
(8 mm Hg) t h a n  a n g i o t e n s i n  w i t h  a 197 mm^  g r e a t e r  a r e a  r e s p o n s e .  However ,  
when compared on an e q u i m o l a r  b a s i s ,  a n g i o t e n s i n  i n c r e a s e d  BAP 36% (25 mm 
Hg) more t h a n  n o r e p i n e p h r i n e  d i d ,  and the  a r e a  r e s p o n s e  was 268 mm“ 
g r e a t e r .  A n g i o t e n s i n  e l e v a t e d  SVP 56% (5 mm Hg) h i g h e r  w i t h  a l a r g e r  
a r e a  d u r a t i o n  o f  165 mm . A l though  t h e s e  mean d a t a  r e p r e s e n t  t h e  o v e r a l l  
p i c t u r e ,  e x t r e m e s  were  n o t e d  in  e i t h e r  d i r e c t i o n .  In  some c a s e s  n o r e p i ­
n e p h r i n e ,  on an e q u i w e i g h t  b a s i s ,  produced  a s u b s t a n t i a l l y  g r e a t e r  s m a l l  
v e i n  c o n s t r i c t i o n  t h a n  i n d i c a t e d  by th e  mean d a t a ,  w he re as  i n  o t h e r  l im b s ,  
a n g i o t e n s i n  was an  e q u a l l y  p o t e n t  v e n o c o n s t r i c t o r . I t  s h o u ld  a l s o  be men­
t i o n e d  t h a t  a l t h o u g h  th e  n o r e p i n e p h r i n e  r e s p o n s e  c o u l d  u s u a l l y  be c o n s i s ­
t e n t l y  r e p e a t e d  i n  t h e  same f o r e l i m b ,  a n g i o t e n s i n  induce d  v a s o c o n s t r i c t i o n  
was o f t e n  a p p r e c i a b l y  d i m i n i s h e d  w i t h  a second  i n j e c t i o n ,  p a r t i c u l a r l y  on 
t h e  venous s i d e .  A l t h o u g h  l o s s  o f  l e g  w e i g h t  was a p p r o x i m a t e l y  e qua l  w i t h
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Tab le  I .  Mean d a t a  +  s t a n d a r d  e r r o r s  from dog,  c a t ,  and monkey 
f o r e l i m b  d rug  i n j e c t i o n  e x p e r i m e n t s .  R e s p o n s i v e n e s s  o f  limb a r t e r i e s  
and s m a l l  v e i n s  t o  a n g i o t e n s i n  and n o r e p i n e p h r i n e  i s  compared a s  peak 
change  i n  p r e s s u r e  f rom b a s e l i n e  and th e  a r e a  r e s p o n s e  ( co m p o s i t e  of  
h e i g h t  and d u r a t i o n  o f  r e s p o n s e ) .  The e f f e c t  o f  a n g i o t e n s i n  and n o r ­
e p i n e p h r i n e  on l imb w e i g h t  i s  a l s o  shown.
A. Dog l imb d a t a .  E q u i w e i g h t  and e q u im o la r  c om par i son .
B. C a t  limb' d a t a .  E q u iw e ig h t  and e q u im o la r  c om par i son .
C. Monkey l imb d a t a .  E q u i w e i g h t  c o m p a r i s o n .
Comparison of angiotensin II and nor-eplnephrlne vasoactlvity on forelünb arteries and small (digital) veins in the 
d o g , c a t  a n d  m onkey* . *
I n l t L . l A A A re a I n i t i a l A A A re a A Leg
A n im a l D rug D ose BAPiSE BAPISE (B A P)iSE SVPiSE SVPiSE (S V P )iS E W t.iS E
(W n ) (nm Hg) (mm Hg) (nm ) (tun Hg) (nm Hg) (mm ) (gm s)
A
Dog Leg 
(N -1 5 )
A o g lo C e n s In 0 .2 5 -
1 .0
8 tt t3 5 4 M 322641 1161 8*1 240*35 - 1 .5 * 0
N o r - c p l . 0 .2 5 -
1 .0
8 0 i5 79±7 379671 10*1 16*2 4 37*72 - 1 .3 6 0 .1
(N -8 ) A n g l c t t t i a l n 0 .2 5 -
0 .5 0
8 1 M 5 4 % 35 7 6 5 0 9*1 7*1 2 05*46 - 1 .3 * 0
N o r - e p l . 0 .0 3 9 -
0 .0 7 7
9318 2 9 i5 97640 9*1 260 40*12 0 .3 * 0
Cat Leg 
(N-8)
A n g io te n s in 0 .2 5 -
0 .5 0
101*8 127*22 8 8 0 * 1 8 0 7*1 11*4 404*161 - 0 .3 1 * 0 .1
N o r - . p i . 0 .2 5 -
0 .5 0
1 0 0 * 1 0 55*2 327*71 7*1 7*2 211*51 - 0 .4 1 * 0 .1
N o r - e p l . 0 .0 3 9 -
0 .0 7 7
103*9 23*3 69*4 7*1 2*1 48*16 - 0 .1 7 * 0 .1
c|
—  h io n k e y  Leg 
(N -4 )
A n g lo te n a ln 0 .2 5 -
0 .5 0
113*9 34*8 229*58 8*1 14*3 586*195 - 0 .4 3 * 0
N or e p i . 0 .2 5 -
0 .5 0
109*2 40*3 149*38 10*3 6*2 104*35 - 0 .2 6 * 0
A n im a l o r  H e a r t^ L u n g  p u m p - le g  ( I s o l a t e d )  p r e p a r a t i o n ,  f lo w  c o n s t a n t ;  m ean dog  ic g  f lo w  -  13 c c /m ln /1 0 0  gms le g  
(mean leg w t ,  •  311 gms); m ean  c a t  l e g  f lo w  « S c c /m ln /1 0 0  gms (m ean le g  w t .  •  127 gms); m ean m onkey le g  f lo w  -  
5 c c /m in /lO O  gms (mean l e g  w t.  •  165 g m s ) . N -  num ber o f  e x p e r i m e n t s ;  ± SE -  *  s t a n d a r d  e r r o r ;  i n i t i a l  BAP and  
initial SVP ■ mean Initial leg b r a c h i a l  a r t e r y  and  s m a l l  v e i n  p r e s s u r e s  ( c o n t r o l ) ;  Û BAP and  A SVP * mean p e a k
change in brachial artery and small vein pressures fr<xn control; Ô Area (BAP) and (SVP) ■ mean change in area 
under the brachial artery and small vein pressure curves from control; A leg wt, • mean peak change In leg weight 
from control, negative sign indicates weight loss. Angiotensin II (octapeptide) and nor-eplnephrlne (free base) 
are compared on an equiweight* and equimolar basis ( 0 .2 3  pgm Angiotensin equiroolar with 0 .0 3 9  ugm nor-epinephrine).
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e i t h e r  drug w i t h  e q u i w e i g h t  d o s e s ,  t h i s  was n o t  a u n i f o r m  f i n d i n g .  How­
e v e r ,  a n g i o t e n s i n  was c o n s i s t e n t l y  more e f f e c t i v e  i n  t h i s  r ega rd  on a 
m o la r  b a s i s .  F i g u r e  4 shows an e x p e r i m e n t a l  t r a c i n g  from one s t u d y  in  
which  a n g i o t e n s i n  c o n s t r i c t e d  sm a l l  v e i n s  a l m o s t  a s  much as  n o r e p i n e p h ­
r i n e  w i t h  e q u i w e i g h t  i n j e c t i o n s .  A l s o  n o t e  t h a t  n o r e p i n e p h r i n e  i n d u c e d  
a more r a p i d  w e i g h t  l o s s  which  was t y p i c a l .
T a b l e  I - B  r e p r e s e n t s  a mean d a t a  f rom t h e  c a t  f o r e l i m b  s t u d i e s .  
A n g i o t e n s i n ,  w i t h  e q u i w e i g h t  i n j e c t i o n s ,  e x h i b i t e d  more v a s o a c t i v i t y  i n  
b o t h  peak  i n c r e a s e  i n  BAP (71%; 72 mm Hg g r e a t e r )  and SVP (57% ; 4 mm Hg 
g r e a t e r )  and a r e a  r e s p o n s e  (553 mm^  and 193 mm^ g r e a t e r ,  r e s p e c t i v e l y ) .  
The g r e a t e r  v a s o c o n s t r i c t o r  a b i l i t y  o f  a n g i o t e n s i n  o v e r  n o r e p i n e p h r i n e  i s  
f u r t h e r  e x e m p l i f i e d  w i t h  e q u im o la r  i n j e c t i o n s ;  a n g i o t e n s i n  i n c r e a s e d  l eg  
BAP an a v e r a g e  o f  104% (104 mm Hg) more f o r  a  g r e a t e r  a r e a  r e s p o n s e  o f  
811 mm^  w h i l e  e l e v a t i n g  paw SVP 128% (9 mm Hg) h i g h e r  w i t h  a 356 mm^ 
g r e a t e r  a r e a  r e s p o n s e .  A n g i o t e n s i n  and n o r e p i n e p h r i n e  ( e q u i w e i g h t )  bo th  
caused a p p r o x i m a t e l y  t h e  same l o s s  o f  l eg  w e i g h t  w h i l e  a n g i o t e n s i n  
g r e a t l y  s u r p a s s e d  n o r e p i n e p h r i n e  on a m o la r  b a s i s .  Decreased  l e g  w e i g h t  
r e s u l t e d  from b o th  d rugs  i n  a l l  c a t  l e g s  e x c e p t  one i n  which a  s l i g h t  i n ­
c r e a s e  o c c u r r e d .  The i n d i v i d u a l  r e s p o n s e  v a r i a t i o n s  from the mean were 
r e v e r s e d  t o  t h o s e  o b s e rv e d  i n  the dog.  A n g i o t e n s i n  u s u a l l y  p r oduce d  a 
g r e a t e r  s m a l l  v e i n  c o n s t r i c t i o n  b u t  i n  some c a s e s  t h e  response  to  e i t h e r  
d rug  was a b o u t  e q u a l .  F i g u r e  5 i l l u s t r a t e s  t h e  more power ful  v a s o c o n ­
s t r i c t i o n  p roduced  by a n g i o t e n s i n  i n  t h e  c a t  f o r e l i m b .
The monkey f o r e l i m b  d a t a  a r e  summarized i n  T a b l e  I - C .  F o l lo w in g  
e q u i w e i g h t  i n j e c t i o n s  n o r e p i n e p h r i n e  p ro d u ce d  a s l i g h t l y  g r e a t e r  i n c r e a s e  
i n  leg  BAP (4%; 6 mm Hg g r e a t e r ) ,  however ,  t h e  a r e a  r e s p o n s e  was 80 mm^
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F i g u r e  4. Record from i s o l a t e d  dog l imb e x p e r i m e n t  showing v a s c u ­
l a r  and l imb w e i g h t  e f f e c t s  o f  i n t r a b r a c h i a l  a r t e r y  i n j e c t e d  a n g i o t e n ­
s i n  I I  ( o c t a p e p t i d e )  and n o r e p i n e p h r i n e  ( f r e e  b a s e ) . E q u i w e i g h t  and 
e q u im o la r  c o m p a r i s o n s ;  0 .25  pgm a n g i o t e n s i n  e q u i m o l a r  t o  0 .039  |ugm 
n o r e p i n e p h r i n e .
D O G —  ^ ^ U M P —  L E G
( F L O W  C O N S T A NT )
A N G I O T E N S I N  R N O R - E P I N E P H R I N E N O R -  E P I N E P H R I N E
A LEG WT.
S M A L L  
VEIN P R E S S U R E  
( L EG)
( m m  Hg)
0 . 2 5  / i g m0 . 2 5  / i g m 0 . 0 3 9  ^ g m
2 gm$
4 0
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O h OhO
200BRACHIAL 
A R T E R Y  P R E S S U RE  
( L E G )
( m m  Hg )
100
MEAN AORTIC 2 0 0 ^ * #  
B L OOD P RE S S URE 
( DOG)
( m m  Hg)
100
I mln.
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F i g u r e  5. Record  from an i s o l a t e d  c a t  l imb e x p e r i m e n t  showing 
v a s c u l a r  and l imb w e i g h t  e f f e c t s  o f  i n t r a b r a c h i a l  a r t e r y  i n j e c t e d  
a n g i o t e n s i n  I I  ( o c t a p e p t i d e )  and n o r e p i n e p h r i n e  ( f r e e  b a s e ) .  E q u i ­
w e i g h t  and e q u i m o l a r  co m p a r i s o n ;  0 .25  qgm a n g i o t e n s i n  e q u i m o l a r  to
0.039  pgm n o r e p i n e p h r i n e .
C A T  —  P U M P  —  L E G
( F L O W  C O N S T A N T )
A  LEG WT
• Î
SMALL VEIN 
PRE S S URE  
( L E G )  
( m m  Hg)
1
2 g m
J
N O R - E P I N E P H R I N E  
I  O.  2 5  fj.gm
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I  0 . 0 3 9  / * g m
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j  0 . 2 5  / x g m
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l e s s  t h a n  w i t h  a n g i o t e n s i n .  C o n v e r s e l y ,  a n g i o t e n s i n  i n c r e a s e d  f o r e l i m b
2
SVP 116% (8 mm Hg) more f o r  a g r e a t e r  a r e a  r e s p o n s e  o f  482 mm . Each 
monkey l e g  r e s p o n d e d  q u a l i t a t i v e l y  s i m i l a r  t o  the  mean d a ta  p r e s e n t e d  
a bove .  A n g i o t e n s i n  a lw ays  p roduced  a g r e a t e r  sm a l l  v e i n  c o n s t r i c t i o n  f o r  
a l o n g e r  p e r i o d  t h a n  n o r e p i n e p h r i n e .  C o n t r a r y  t o  leg  w e ig h t  r e s p o n s e s  i n  
the  dog and c a t ,  a n g i o t e n s i n  p ro d u ce d  a  g r e a t e r  l o s s  o f  w e ig h t  t h a n  n o r ­
e p i n e p h r i n e .  F i g u r e  6 shows an e x p e r i m e n t a l  r e c o r d .
T a b l e  I I  shows mean v a l u e s  f rom f o u r  h e a r t - l u n g  leg  e x p e r i m e n t s  i n  
w hich  venous  p r e s s u r e  was m easu red  f rom th e  d i g i t a l ,  d o r s a l  s u p e r f i c i a l  
m e t a c a r p a l ,  and c e p h a l i c  v e i n s .  On t h e  a v e r a g e ,  e q u iw e ig h t  i n j e c t i o n  o f  
n o r e p i n e p h r i n e  i n c r e a s e d  d i g i t a l  and m e t a c a r p a l  v e i n  p r e s s u r e  46% (5 and 
6 mm Hg, r e s p e c t i v e l y )  more t h a n  a n g i o t e n s i n ,  whereas  i t  was 28% ( 1 . 7  mm 
Hg) more e f f e c t i v e  i n  t h e  c e p h a l i c  v e i n  a r e a .  The lower p o r t i o n  o f  F i g u r e  
3 shows a  r e c o r d  o b t a i n e d  from the  l imb i l l u s t r a t e d  i n  the u p p e r  h a l f .
The r e s p o n s i v e n e s s  o f  l imb v e s s e l s  sometimes  v a r i e d  a p p r e c i a b l y  b e ­
tween d i f f e r e n t  l im b s .  However,  i f  h y p e r -  o r  h y p o r e s p o n s i v e n e s s  t o  a 
p a r t i c u l a r  dose  was e v i d e n t  w i t h  a n g i o t e n s i n ,  the  v e s s e l s  u s u a l l y  showed 
t h e  same c h a r a c t e r i s t i c  t o  n o r e p i n e p h r i n e .
F i g u r e  7 shows mean d a t a  f rom f i v e  dog-pump- leg  p r e p a r a t i o n s  where 
a n g i o t e n s i n  and n o r e p i n e p h r i n e  were i n f u s e d  s e p a r a t e l y  i n t o  t h e  b r a c h i a l  
a r t e r y  i n f l o w  t u b i n g  f o r  an a v e r a g e  o f  21 m i n u t e s .  The e f f e c t  o f  d rug  i n ­
f u s i o n  on BAP, SVP, and l eg  w e i g h t  was compared on an e q u iw e ig h t  i n f u s i o n  
b a s i s  ( 0 . 1  - 0 .5  u g m /m in ) . A n g i o t e n s i n  i n f u s i o n  r e s u l t e d  i n  an  immed ia te  
100% (9 mm Hg) i n c r e a s e  i n  s m a l l  v e i n  p r e s s u r e  above c o n t r o l .  However ,
SVP im m e d i a t e l y  began  t o  d i m i n i s h  and was a l m o s t  back t o  c o n t r o l  p r e s s u r e  
a t  10 m i n u t e s ;  c om p le te  t a c h y p h y l a x i s  d e v e lo p e d  by th e  21s t  m in u t e  o f
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F i g u r e  6 . Record from i s o l a t e d  monkey l imb e x p e r i m e n t  showing 
v a s c u l a r  and l imb w e i g h t  e f f e c t s  o f  i n t r a b r a c h i a l  a r t e r y  i n j e c t e d  a n g i o ­
t e n s i n  I I  ( o c t a p e p t i d e )  and n o r e p i n e p h r i n e  ( f r e e  b a s e ) . E qu iw e ig h t  
c o m p a r i s o n .  C o n s t a n t  f low = 7 c c /m in / 1 0 0  gms l imb;  l imb w e i g h t  = 188 
gms. SVP = l imb s m a l l  v e i n  p r e s s u r e ;  SAP = l imb b r a c h i a l  a r t e r y  p r e s ­
s u r e ;  SABP = s y s t e m i c  a r t e r i a l  b lood  p r e s s u r e .  T h r e e  l a r g e  s q u a r e s  on 
r e c o r d  a b s c i s s a  = 1 m i n u t e .
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T a b l e  I I .  Mean d a t a  +  s t a n d a r d  e r r o r s  f rom f o u r  h e a r t - l u n g  dog 
l imb e x p e r i m e n t s  i n  which t h e  r e s p o n s i v e n e s s  o f  d i f f e r e n t  s i z e d  f o r e ­
l imb v e i n s  t o  e q u i w e i g h t  and i n j e c t i o n s  o f  a n g i o t e n s i n  and n o r e p i n e p h ­
r i n e  was compared.
C o m p a r i s o n  o f  a n g i o t e n s i n  I I  a n d  n o r - e p l n e p h r l n e  v a s o a c t l v i t y  o n  s m a l l ,  m e d i u m ,  a n d  l a r g e  
f o r e l i m b  v e i n s ,
DRUG
D I G I T A L  V E I N  P R E SS U R E M ETACARPAL V E I N  P R E SS U R E C E P H A L IC  V E I N  P R E SS U R E
I n i t i a l  ±SE 
( n m  H g )
Û iSE 
(mm H g )
I n i t i a l  ±SE 
(mm H g )
A iSE 
(m m  H g )
I n i t i a l  iSE 
( n m  H g )
A ± S E  
( n m  H g )
A n g i o t e n s i n  I I  
( 0 . 5  p g m )
1 1  ± 3 1 1  ±2 1 0  ± 3 9  ± 3 6' ±2 0 . 3  ± 0
N o r - e p l n e p h r l n e  
( 0 . 5  p g m )
1 1  ± 3 1 6  ± 3 1 1  ± 3 1 5  ± 3 6  ± 2 2 . 0  ± 1
hJ
VO
M e a n  d a t a  ^ s t a n d a r d  e r r o r  ( i S E )  f r o m  4  I l e a r t - L u n g  I s o l a t e d  l i m b  p e r f u s i o n  s t u d i e s .  B l o o d  
f l o w  I s  c o n s t a n t .  M e a n  l e g  f l o w  =  9  c c / m l n / 1 0 0  g m s  l e g .  M e a n  l e g  w e i g h t  =  3 9 6  g m s .
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F i g u r e  7.  Mean v a l u e s  +  s t a n d a r d  e r r o r s  f rom f iv e  i s o l a t e d  dog-  
pump-limb e x p e r i m e n t s  i n  which a n g i o t e n s i n  and n o r e p i n e p h r i n e  were i n ­
f u s e d  s e p a r a t e l y  i n t o  t h e  l imb i n f l o w  t u b i n g  a t  0 .1  - 0 . 5  ugm/min.  
E q u i w e i g h t  i n f u s i o n s  were  compared i n  each  l im b .  S ta ndard  e r r o r s  f o r  
l im b  w e i g h t  changes  w e re  a l l  l e s s  t h a n  0 .1  gms. Mean f low ( c o n s t a n t )  
= 6 c c /m in / 1 0 0  gms l im b;  mean l imb w e i g h t  = 229 gms.
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i n f u s i o n .  S t o p p i n g  t h e  i n f u s i o n  r e s u l t e d  i n  no f u r t h e r  change  i n  SVP. 
F i g u r e  8 i s  a  r e c o r d  showing the  e f f e c t s  o f  a n g i o t e n s i n  i n f u s i o n  i n  one 
e x p e r i m e n t .
With n o r e p i n e p h r i n e  i n f u s i o n  peak e l e v a t i o n  o f  SVP (89%; 8 mm Hg 
i n c r e a s e )  was more g r a d u a l l y  a t t a i n e d  bu t  i t  d i m i n i s h e d  on ly  m o d e r a t e l y  
compared t o  a n g i o t e n s i n ,  and s t a b i l i z e d  a t  a v a lu e  w e l l  above c o n t r o l .
S m a l l  v e i n  p r e s s u r e  r e t u r n e d  t o  b a s e l i n e  a f t e r  t h e  i n f u s i o n  was s to p p e d .
A r e c o r d  from one e x p e r i m e n t ,  showing the  e f f e c t s  o f  n o r e p i n e p h r i n e  i n ­
f u s i o n ,  i s  p r e s e n t e d  i n  F i g u r e  9.
On t h e  a v e r a g e ,  b o t h  d rugs  p roduced  an immedia te  and s i m i l a r  i n c r e a s e  
i n  BAP which s t a b i l i z e d  a t  a l e v e l  below t h e  peak e l e v a t i o n .  B r a c h i a l  a r ­
t e r y  p r e s s u r e  r e t u r n e d  t o  c o n t r o l  a f t e r  c e s s a t i o n  o f  i n f u s i o n  w i t h  b o th  
d r u g s .  A l t h o u g h  t h e  a n g i o t e n s i n  cu rve  c o n t i n u e d  t o  d e c r e a s e  s l i g h t l y  
w h i l e  t h e  n o r e p i n e p h r i n e  c u rve  r o s e ,  t h e y  were no t  s i g n i f i c a n t l y  d i f f e r e n t .
A n g i o t e n s i n  c a u s e d  an i n i t i a l  f a l l  i n  l e g  w e i g h t  d u r i n g  th e  f i r s t  two 
m i n u t e s  o f  i n f u s i o n  which  was fo l l o w e d  by a more g r a d u a l  d e c r e a s e  d u r i n g  
t h e  n e x t  e i g h t  m i n u t e s .  From t h i s  p o i n t  on ,  l e g  w e i g h t  i n c r e a s e d  g r a d u a l ­
l y  f o r  t h e  r e m a i n d e r  o f  the  i n f u s i o n  p e r i o d  a t  which t ime a f u r t h e r  
w e i g h t  g a i n  o c c u r r e d ,  b u t  c o n t r o l  v a lu e  was n o t  a t t a i n e d  d u r i n g  t h e  n e x t  
4 m i n u t e s .  I n  some l imbs  BAP f e l l  g r a d u a l l y  t o  n e a r  c o n t r o l  l e v e l  d u r i n g  
th e  i n f u s i o n  p e r i o d .  N o r e p i n e p h r i n e  i n f u s i o n  p roduced  an i n i t i a l  l o s s  of  
w e i g h t ,  t h e  d e c r e a s e  b e i n g  0 .4  gms g r e a t e r  t h a n  w i t h  a n g i o t e n s i n  a t  2 
m i n u t e s  and  a p p r o x i m a t e l y  t h e  same by the  5 t h  m inu te  o f  i n f u s i o n .  No 
f u r t h e r  l o s s  o c c u r r e d  and th e  l e g  w e i g h t  began to  i n c r e a s e .  I n  a d d i t i o n  
t o  t h e  e a r l y  i n c r e a s e  i n  l eg  w e i g h t ,  t h e  r a t e  o f  i n c r e a s e  was g r e a t e r  
t h a n  w i t h  a n g i o t e n s i n .  F o l lo w in g  c e s s a t i o n  o f  n o r e p i n e p h r i n e  i n f u s i o n
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F i g u r e  8 . Record  showing e f f e c t  o f  a n g i o t e n s i n  I I  i n f u s i o n  on dog 
f o r e l i m b  a r t e r y  and s m a l l  v e i n  p r e s s u r e s  and l imb w e i g h t .  Pump p e r f u ­
se d  f o r e l i m b ;  C o n s t a n t  f low = 7 c c / m i n / 1 0 0  gms l imb;  l imb w e i g h t  = 195 
gms. Record  i s  f rom t h e  same l imb e x p e r i m e n t  shown i n  F i g u r e  9.
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F i g u r e  9. R eco rd  showing e f f e c t  o f  n o r e p i n e p h r i n e  i n f u s i o n  on 
dog f o r e l i m b  a r t e r y  and  s m a l l  v e i n  p r e s s u r e s  and l imb w e i g h t .  Pump 
p e r f u s e d  f o r e l i m b ;  C o n s t a n t  f low = 7 c c /m in / 1 0 0  gms l imb;  l imb w e i g h t  
= 195 gras. Record i s  f rom same f o r e l i m b  e x p e r i m e n t  a s  shown i n  F i g u r e  
8 .
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leg  w e i g h t  i n c r e a s e d  r a p i d l y  t o  n e a r  c o n t r o l  d u r i n g  t h e  n e x t  f o u r  m i n u t e s .
Mean and  i n d i v i d u a l  d a t a  from the  i n t a c t ,  n a t u r a l  f low dog f o r e  l imb 
e x p e r i m e n t s  a r e  shown i n  T a b le  I I I .  On t h e  a v e r a g e ,  n o r e p i n e p h r i n e  i n ­
c r e a s e d  SVP a p p r o x i m a t e l y  tw ic e  a s  h ig h  a s  an  e q u i v a l e n t  amount  o f  a n g i o ­
t e n s i n .  However ,  com par i son  o f  t h e  i n d i v i d u a l  r e s p o n s e s  i l l u s t r a t e s  the  
ex t rem e  v a r i a b i l i t y  o f  r e s p o n s e s  i n  t h i s  p r e p a r a t i o n .  The SVP re s p o n s e  
t o  a n g i o t e n s i n  r a n g e s  from z e ro  p r e s s u r e  r i s e  t o  an i n c r e a s e  e q u i v a l e n t  
t o  t h a t  c a u s e d  by n o r e p i n e p h r i n e .  F i g u r e  10 shows a  r e c o r d  o f  one d rug  
com par i son  t e s t  i n  a n a t u r a l  f low l imb.  No te  t n e  im m edia te  and s i m i l a r  
i n c r e a s e  i n  SVP f o l l o w i n g  t h e  i n j e c t i o n  a r t i f a c t  produced  when a n g i o t e n s i n  
and n o r e p i n e p h r i n e  were i n j e c t e d  i n t o  a d i g i t a l  v e i n .  I n j e c t i o n  o f  an 
i d e n t i c a l  volume o f  s a l i n e  ( 0 .3  cc )  p roduced n o t h i n g  b u t  t h e  t r a n s i e n t  
i n j e c t i o n  a r t i f a c t .
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T a b l e  I I I
Comparison o f  s m a l l  v e i n  p r e s s u r e  change to  a n g i o t e n s i n  I I  and 
n o r e p i n e p h r i n e  i n  t h e  i n t a c t ,  i n n e r v a t e d ,  n a t u r a l  f low ,  dog 
f o r e  l imb.
ANGIOTENSIN I I NOREPINEPHRINE
Exp.
No.
I n i t i a l  
SVP 
(mm Hg)
A
SVP 
(mm Hg)
I n i t i a l  
SVP 
(mm Hg)
A
SVP 
(mm Hg)
Dose
(Pgm)
1 20 1.5 19 5 1 .0
2 19 2 .0 17 2 1 .0
3 15 7 . 0 13 7 0 .5
4 8 0 .0 8 3 1 .0
5 10 0 .0 10 4 1 .0
Mean 14 2 .0 13 4
I n i t i a l  SVP = c o n t r o l  s m a l l  v e i n  p r e s s u r e ;  SVP = peak i n ­
c r e a s e  o f  s m a l l  v e i n  p r e s s u r e  o v e r  c o n t r o l .  Drugs were i n ­
j e c t e d  d i r e c t l y  i n t o  t h e  l imb s m a l l  v e i n s .  E q u iw e ig h t  d rug  
doses  were  g i v e n  i n  e a c h  e x p e r i m e n t .
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F i g u r e  10. Record  showing t h e  e f f e c t  o f  a n g i o t e n s i n  and  n o r e p i ­
n e p h r i n e  on s m a l l  v e i n  p r e s s u r e  i n  an i n t a c t ,  n a t u r a l  f low dog f o r e ­
l imb.  E q u i w e i g h t  d o s e s  i n j e c t e d  d i r e c t l y  i n t o  a s m a l l  v e i n .  The 
p r e s s u r e  f l u c t u a t i o n s  a t  the p o i n t  o f  i n j e c t i o n  a r e  i n j e c t i o n  a r t i ­
f a c t s .  T h r e e  l a r g e  s q u a r e s  on r e c o r d  a b s c i s s a  = 1 m i n u t e ; d o g  w e i g h t  
= 14 kgm.
A n g i o t e n s i n  I I  
( 0 . 5  p g m )
I N T A C T  I N N E R V A T E D  DOG L E G  
( N A T U R A L  F L O W )
N o r -  e p i n e p h r  i n e  
( 0 . 5  p g m )
S MA L L  VEI N 
P R E S S U R E  
( mm Hg  )
4 0
20
0
o
I M in
CHAPTER IV
DISCUSSION
R e s u l t s  from t h e  p r e s e n t  s t u d y  d e m o n s t ra t e  t h a t  a n g i o t e n s i n ,  com­
p a r e d  t o  n o r e p i n e p h r i n e  on an e q u im o la r  i n j e c t i o n  b a s i s ,  c a u s e s  a g r e a t e r  
i n c r e a s e  o f  b o t h  b r a c h i a l  a r t e r y  p r e s s u r e  (BAP) and s m a l l  v e i n  p r e s s u r e  
(SVP), and t h e  evoked a r e a  r e s p o n s e  i s  g r e a t e r  i n  a l l  s p e c i e s  examined .  
Loss  o f  l e g  w e i g h t  i s  a l s o  g r e a t e r  w i t h  a n g i o t e n s i n .  However ,  when com­
p a r e d  on an  e q u i w e i g h t  b a s i s ,  a n g i o t e n s i n  i n c r e a s e s  c a t  BAP and SVP and 
monkey SVP more t h a n  n o r e p i n e p h r i n e ,  b u t  ca u se s  l e s s  e l e v a t i o n  of  dog 
f o r e l i m b  BAP and SVP and monkey BAP th a n  n o r e p i n e p h r i n e .  S u r p r i s i n g l y ,  
on th e  a v e r a g e ,  b o t h  d r u g s  cause  a p p r o x i m a t e ly  e q u a l  l o s s  o f  l e g  w e i g h t  
i n  the  dog and c a t ,  w h i l e  a n g i o t e n s i n ' s  e f f e c t  p r e d o m i n a t e s  i n  t h e  monkey. 
The i n i t i a l  maximum SVP i n c r e a s e  r e s u l t i n g  from a n g i o t e n s i n  i n f u s i o n  in  
dog l imbs was a p p r o x i m a t e l y  e q u a l  t o  t h a t  c aused  by n o r e p i n e p h r i n e  i n f u ­
s i o n ,  b u t  a n g i o t e n s i n  was un a b le  to  m a i n t a i n  t h e  p r e s s u r e  e l e v a t i o n .  A l ­
though a n g i o t e n s i n  t a c h y p h y l a x i s  ha s  g e n e r a l l y  n o t  b e e n  o b s e rv e d  ( 3 1 ) ,  
s y s t e m ic  v a s c u l a r  t a c h y p h y l a x i s  h a s  been i n d i c a t e d  by one g roup  w i t h  h ig h  
i n f u s i o n  c o n c e n t r a t i o n s  ( o v e r  5 . 0  pgm/min/kg)  b u t  n o t  w i t h  l e s s e r  r a t e s  
(4 ,  18) .  Howex'^r, t h i s  o b s e r v a t i o n  has  n o t  been c o n f i r m e d  by o t h e r s  (27 ) .
The i n t a c t  n a t u r a l  f low e x p e r i m e n t s  show t h a t  a n g i o t e n s i n  can cause  
an i n c r e a s e  i n  SVP a s  g r e a t  a s  n o r e p i n e p h r i n e  i n  some l im b s .  S i n c e  bo th
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d r u g s  were i n j e c t e d  d i r e c t l y  i n t o  t h e  s m a l l  v e i n s  the  i n f e r e n c e  i s  t h a t  
t h e  i n i t i a l ,  r a p i d  r i s e  i n  SVP f o l l o w i n g  an  i n j e c t i o n  i s  due t o  a c t i v e  
v e n o c o n s t r i c t i o n .  However , i n t e r p r e t a t i o n  o f  t h e s e  d a t a  i s  u n c e r t a i n  
due t o  u n c o n t r o l l e d  and unmeasured v a r i a b l e s .
The i m p o r t a n c e  o f  d i r e c t  c om pa r i son  o f  a n g i o t e n s i n  and n o r e p i n e p h r i n e  
u n d e r  a l m o s t  i d e n t i c a l  c o n d i t i o n s  d u r i n g  each  e x p e r i m e n t  i s  emphas ized  
from the  r e s u l t s  o f  t h i s  s t u d y .  The r e s p o n s e  o f  one l imb t o  a  p a r t i c u l a r  
dose  o f  a n g i o t e n s i n  m igh t  be v e ry  s m a l l  when compared t o  the  same dose i n  
a n o t h e r  l im b .  But  as  a r u l e  the  l imb v e s s e l s  r e s p o n d i n g  w i th  a min imal  
p r e s s u r e  i n c r e a s e  t o  a n g i o t e n s i n  w i l l  show a s i m i l a r l y  s m a l l  r e s p o n s e  to  
n o r e p i n e p h r i n e .  The obse rved  d i f f e r e n c e s  be tw een  l imbs a r e  no doubt  r e ­
l a t e d  t o  ( a )  d i f f e r e n c e s  i n  limb f lo w  r a t e  and t h u s  d i f f e r e n t  d rug  c o n ­
c e n t r a t i o n s  a c t u a l l y  r e a c h in g  the  v e s s e l s ,  (b)  d i f f e r e n c e s  i n  l imb s i z e ,  
and (c)  a b s o l u t e  d i f f e r e n c e s  i n  l imb v a s c u l a r  r e s p o n s i v e n e s s .
E a r l i e r  s t u d i e s  i n  which a n g i o t e n s i n  I I  was i n f u s e d  i n t o  dog f o r e ­
l imbs i n  n a t u r a l  f low ( 22) and c o n s t a n t  f low ( 21) l imb p r e p a r a t i o n s  show 
no s m a l l  v e i n  c o n s t r i c t i o n .  I t  i s  d i f f i c u l t  t o  compare s i n g l e  b o l u s  i n ­
j e c t i o n  d a t a  t o  r e s u l t s  o b t a i n e d  from s t e a d y  s t a t e  i n f u s i o n  s t u d i e s .  The 
a p p a r e n t  d i f f e r e n c e s  be tween  d rug  i n f u s i o n  e x p e r i m e n t s  o f  t h e  p r e s e n t  
s t u d y  and e a r l i e r  ones a r e  no t  r e a d i l y  e x p l a i n a b l e ,  however ,  t h e  l imb 
f low r a t e s  were  a p p r e c i a b l y  g r e a t e r  and the  l imbs  were n o t  c o m p l e t e l y  
s e p a r a t e d  from th e  a n i m a l ' s  body i n  the  e a r l i e r  s t u d i e s  (21,  2 2 ) .  I n  e x ­
p e r i m e n t s  on c a t s  s u g g e s t i n g  l a c k  o f  s m a l l  v e i n  c o n s t r i c t i o n  t o  a n g i o t e n ­
s i n  ( 1 7 ) ,  l a r g e  p e r i p h e r a l  a r e a s  were i n v o l v e d  and a d i f f e r e n t  p r e p a r a t i o n  
u s e d .  P o s s i b l e  d i s c r e p a n c i e s  be tw een  t h e  p r e s e n t  i n v e s t i g a t i o n  and o t h e r s  
showing no v e n o c o n s t r i c t i o n  to  a n g i o t e n s i n  m igh t  l i e  i n  the  . p r e p a r a t i o n
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employed ,  s t a t e  o f  t h e  v e s s e l s  a t  the  t ime o f  t e s t i n g ,  d rug  c o n c e n t r a t i o n  
used  f o r  a p a r t i c u l a r  v a s c u l a r  r e g i o n  i n  a  g i v e n  s p e c i e s  o f  a n i m a l ,  and 
p o s s i b l y  e a r l y  venous  t a c h y p h y l a x i s  t o  a n g i o t e n s i n  as  o b s e r v e d  i n  t h e  
p r e s e n t  s t u d y .
D i r e c t l y  m e a s u r e d  s m a l l  v e i n  p r e s s u r e  i n  t h e  c o n s t a n t  f low  c a t  l imb 
shows t h a t  a n g i o t e n s i n  can cause  an  i n c r e a s e  i n  SVP a s  g r e a t  as  o r  
g r e a t e r  t h a n  n o r e p i n e p h r i n e  w i t h  e q u i w e i g h t  i n j e c t i o n s  and a n g i o t e n s i n  
r a i s e s  SVP c o n s i d e r a b l y  more e f f e c t i v e l y  on a m o la r  b a s i s .  However ,  v a r i ­
a t i o n s  from th e  mean were  n o t e d  i n  some c a t  l imbs w i t h  e q u i w e i g h t  t e s t ,  
bu t  n o t  t o  t h e  e x t e n t  s e e n  in  the  dogs.  The most  u n i fo r m  s m a l l  v e i n  r e ­
sponse  was o b t a i n e d  i n  the  monkey s e r i e s ,  where a n g i o t e n s i n  i n c r e a s e d  
monkey hand SVP a s  w e l l  as  o r  c o n s i d e r a b l y  more t h a n  n o r e p i n e p h r i n e  w i t h  
e q u iw e ig h t  i n j e c t i o n  t e s t s .  T h i s  phenomenon has  a l s o  been  o b s e r v e d  i n  
human hand s m a l l  v e i n s  ( 8) .  I t  i s  n o t e w o r th y  t h a t  a n g i o t e n s i n  a p p a r e n t l y  
does  n o t  c o n s t r i c t  l a r g e  f o r e a r m  v e i n s  i n  man ( 10) ,  b u t  one r e p o r t  i n d i ­
c a t e s  d e c r e a s e d  venous  c om pl ia nc e  i n  human arm v e i n s  when drug  l e v e l s  
which  e l e v a t e  a o r t i c  b l o o d  p r e s s u r e  a r e  u sed  ( 4 1 ) .  Lack o f  l o c a l  p e r i p h ­
e r a l  l a r g e  v e i n  r e s p o n s i v e n e s s  t o  a n g i o t e n s i n  a p p a r e n t l y  h o l d s  f o r  dogs 
as  w e l l  ( 3 5 ) .  D a t a  f rom th e  p r e s e n t  s t u d y  a g r e e s  w e l l  w i t h  t h e s e  o b s e r ­
v a t i o n s  i n  t h a t  a n g i o t e n s i n  i n c r e a s e d  d i g i t a l  and m e t a c a r p a l  v e i n  p r e s ­
s u r e s  w e l l  above b a s e l i n e ,  bu t  had a lm o s t  no e f f e c t  on l a r g e r  l imb v e i n s .  
From t h e s e  d a t a  i t  seems t h a t  a n g i o t e n s i n  can  c o n s t r i c t  bo th  p r e -  and 
p o s t c a p i l l a r y  r e s i s t a n c e  v e s s e l s  w h i l e  "having l i t t l e  e f f e c t  on l a r g e r  
p e r i p h e r a l  v e i n s  i n  a n i m a l s  o r  man.
Most o f  t h e  w e i g h t  change  p roduced  by s i n g l e  d rug i n j e c t i o n s  a p p e a r s  
t o  have r e s u l t e d  from a c t i v e  v a s c u l a r  c o n s t r i c t i o n  and the  s u b s e q u e n t
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" s q u e e z i n g  ou t"  o f  blood from i n t r a v a s c u l a r  s p a c e .  I f  c a p i l l a r y  f i l t r a ­
t i o n  p l a y e d  a  r o l e ,  t h i s  was n o t  a p p a r e n t  f rom t h e  w e i g h t  l o s s  s l o p e  
and i f  n e t  f i l t r a t i o n  did o c c u r ,  i t  s hou ld  have been  i n t o  t h e  t i s s u e  com­
p a r t m e n t  (w e ig h t  g a i n )  when SVP was e l e v a t e d  (19 ,  3 3 ) .  When a n g i o t e n s i n  
was i n f u s e d ,  l imb weigh t  f e l l  r a p i d l y  d u r in g  t h e  f i r s t  few m i n u t e s  o f  i n ­
f u s i o n  and t h e n  d e c r e a s e d  g r a d u a l l y  u n t i l  t h e  10 th  m i n u t e .  A f t e r  t h e  
i n i t i a l  peak e l e v a t i o n ,  s m a l l  v e i n  p r e s s u r e  began  to  d e c r e a s e  toward  p r e ­
i n f u s i o n  l e v e l  and rea c h e d  c o n t r o l  by the  end o f  the  i n f u s i o n  p e r i o d .
The s e c o n d a r y  w e i g h t  changes o b s e rv e d  d u r in g  a n g i o t e n s i n  i n f u s i o n  were  
p r o b a b l y  r e s u l t a n t  t o  bo th  ch a n g in g  v a s c u l a r  t o n e  and f i l t r a t i o n .  S in c e  
a s t e a d y  s t a t e  o f  venous p r e s s u r e  was n e v e r  c o m p l e t e l y  a c h i e v e d  w i t h  
a n g i o t e n s i n  i n f u s i o n  f u r t h e r  i n t e r p r e t a t i o n  i s  d i f f i c u l t .  Leg w e i g h t  
c hanges  o b s e rv e d  w i t h  n o r e p i n e p h r i n e  i n f u s i o n  a r e  i n  a g re e m e n t  w i t h  
e a r l i e r  r e p o r t s  d e m o n s t r a t i n g  t h a t  t h i s  a g e n t  can  c o n s t r i c t  v e i n s  o u t  o f  
p r o p o r t i o n  t o  a r t e r i e s ,  r e s u l t i n g  i n  l o s s  o f  v a s c u l a r  f l u i d  i n  t h e  dog 
l imb (22)  and  g u t  ( 1 2 ) .  F o l lo w in g  an i n i t i a l  d r o p ,  p r o b a b l y  due t o  a c t i v e  
i n t r a v a s c u l a r  volume d i s p l a c e m e n t ,  l eg  w e i g h t  began  t o  i n c r e a s e  w i t h  n o r ­
e p i n e p h r i n e  i n f u s i o n .  Some o f  t h i s  w e i g h t  g a i n  c o u ld  h a v e  b e e n  a s s o c i ­
a t e d  w i t h  p a s s i v e  i n t r a v a s c u l a r  volume i n c r e a s e .  However ,  n e t  f i l t r a ­
t i o n  o f  c a p i l l a r y  f l u i d  i n t o  the  t i s s u e  space  m us t  have  o c c u r r e d  t o  a c ­
c o u n t  f o r  t h e  f u r t h e r  w e ig h t  i n c r e a s e  w i t h  b o t h  p r e s s u r e s  s t a b i l i z e d  
d u r i n g  th e  l a t t e r  p a r t  of  i n f u s i o n .
CHAPTER V 
SUMMARY AND CONCLUSIONS
The p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n  to  d e l i n e a t e  t h e  d i r e c t  
v a s c u l a r  r e s p o n s i v e n e s s  o f  f o r e l i m b  a r t e r i e s  and e s p e c i a l l y  v e i n s  i n  the  
dog,  c a t  and monke) t o  a n g i o t e n s i n  and n o r e p i n e p h r i n e .  C o n t r a r y  t o  t h e  
e s t a b l i s h e d  a c t i o n  of  n o r e p i n e p h r i n e ,  t h e  e f f e c t  o f  a n g i o t e n s i n  on p e r i p h ­
e r a l  v e i n s  i s  u n c l e a r  and t h e  few r e p o r t s  in  l i t e r a t u r e  i n d i c a t e  t h a t  
a n g i o t e n s i n  does  n o t  c o n s t r i c t  v e i n s  i n  a n i m a l s ,  however ,  bo th  ve nocon-  
s t r i c t i o n  and l a c k  o f  v e n o c o n s t r i c t i o n  to  a n g i o t e n s i n  have been  r e p o r t e d  
i n  humans .
The i m p o r t a n c e  of  t h i s  s tu d y  i s  emphas ized by the  i n f l u e n c e  o f  venous  
p r e s s u r e  and  ' t o n e '  on venous  r e t u r n  t o  t h e  h e a r t ,  c a p i l l a r y  h y d r o s t a t i c  
p r e s s u r e ,  and t r a n s c a p i l l a r y  f l u i d  movement.
Comparisons o f  t h e  d r u g s  were made r e g a r d i n g  b o th  peak e l e v a t i o n  and 
a r e a  r e s p o n s e  of  l imb b r a c h i a l  a r t e r y  p r e s s u r e  (BAP) and sm a l l  v e i n  p r e s ­
s u r e  (SVP) and l imb w e i g h t  change.  E q u iw e ig h t  and e q u im o la r  i n j e c t i o n s  
and i n  some i n s t a n c e s  e q u iw e ig h t  i n f u s i o n s  were c a r r i e d  o u t .  BAP and  SVP 
were m easu red  d i r e c t l y  i n  c o n s t a n t  f lo w ,  pump p e r f u s e d ,  i s o l a t e d  f o r e l i m b  
p r e p a r a t i o n s .  Limb w e i g h t  was m o n i t o re d  c o n t i n u o u s l y .  I n  s e v e r a l  e x p e r i ­
ments  venous  p r e s s u r e  was measured  from t h r e e  p o i n t s  a l o n g  the  f o r e  l im b ,  
v i z ,  a) f rom a d i g i t a l  v e i n ;  b) a m e t a c a r p a l  v e i n  and c) the  c e p h a l i c  v e i n .
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E x p e r im en t s  were a l s o  com ple ted  in  i n t a c t ,  n a t u r a l  f low ,  dog l im bs .
Drugs were i n j e c t e d  d i r e c t l y  i n t o  a s m a l l  v e i n  and SVP was m easu red .
W ith  e q u i m o l a r  i n j e c t i o n s  i n  the  c o n s t a n t  f lo w  e x p e r i m e n t s ,  a n g i o ­
t e n s i n  i n c r e a s e d  BAP and SVP more t h a n  n o r e p i n e p h r i n e  and c a u se d  a g r e a t e r  
l o s s  o f  l imb w e i g h t  i n  a l l  s p e c i e s  examined .  A n g i o t e n s i n ,  w i t h  e q u i ­
w e i g h t  d o s e s ,  c a u se d  a g r e a t e r  r i s e  o f  c a t  f o r e l i m b  BAP and  SVP and 
monkey l imb SVP t h a n  n o r e p i n e p h r i n e ;  w he re as  n o r e p i n e p h r i n e  caused  a 
g r e a t e r  i n c r e a s e  o f  dog l imb BAP and SVP and o f  monkey l im b  BAP. Limb 
w e ig h t  l o s s  was a p p r o x i m a t e l y  e qua l  i n  dog and c a t ,  b u t  a n g i o t e n s i n ' s  
w e i g h t  l o s s  e f f e c t  p r ed o m in a t e d  i n  t h e  monkey. When d i f f e r e n t  s i z e d  dog 
f o r e l i m b  v e i n s  were compared,  n o r e p i n e p h r i n e  c o n s t r i c t e d  t h e  l a r g e r  f o r e ­
limb v e i n s  to  a m e a s u r a b l e  deg ree  w h i l e  a n g i o t e n s i n ' s  e f f e c t  was n e g l i ­
g i b l e .  The i n i t i a l  SVP e l e v a t i o n  produced  by a n g i o t e n s i n  i n f u s i o n  was 
e q u a l  t o  t h a t  c a u se d  by n o r e p i n e p h r i n e ,  b u t  t h e  s m a l l  v e i n s  became u n r e ­
s p o n s iv e  t o  a n g i o t e n s i n  a f t e r  s e v e r a l  m i n u t e s  o f  i n f u s i o n .
The dog n a t u r a l  l imb f low e x p e r i m e n t s  show t h a t  a n g i o t e n s i n  can i n ­
c r e a s e  l imb SVP as  much a s  n o r e p i n e p h r i n e  d o e s ,  however ,  on t h e  a v e r a g e ,  
n o r e p i n e p h r i n e  was a p p r o x i m a t e l y  tw ice  as  e f f e c t i v e  i n  t h i s  r e g a r d .
I t  i s  c o n c lu d e d  t h a t :  a) a n g i o t e n s i n  i s  a more p o t e n t  s m a l l  v e i n
c o n s t r i c t o r  t h a n  n o r e p i n e p h r i n e  on an e q u i m o l a r  b a s i s ,  b u t  i t s  compara­
t i v e  venous e f f e c t  i s  v a r i a b l e  w i th  e q u i w e i g h t  d o s e s ;  b)  l o s s  o f  sm a l l  
v e i n  r e s p o n s i v e n e s s  t o  a n g i o t e n s i n  may r e a d i l y  d e v e l o p ,  p a r t i c u l a r y  w i t h  
c o n t i n u o u s  i n f u s i o n ;  and c) limb sm a l l  v e i n s  o f  t h e  monkey a r e  c o n s i s ­
t e n t l y  more r e s p o n s i v e  t o  a n g i o t e n s i n  w h i l e  t h o s e  o f  t h e  dog a r e  the  
l e a s t  r e s p o n s i v e  and most  v a r i a b l e .
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